Abstract-The Y-Zr02 t h i n films were deposited by r e f . magnetron s p u t t e r i n g method. The microstructure, phase composition and mechanical properties of t h e t h i n f i l m s were investigated. The s t u d i e s show t h a t t h e f i l m s had t i n y grains, tetragonal phase, and t h e b e s t p r o p e r t i e s when they were deposited a t the condition of t h e low s u b s t r a t e temperature and zero oxygen p a r t i a l pressure,
Introduction Zirconia t h i n films have advanced mechanical, thermal, o p t i c a l and e l e c t r i c a l propeties t h a t made them i n t e r e s t i n g f o r t h e o r e t i c a l s t u d i e s and p r a c t i c a l a p p l i c a t i o n (1-7)
. Bulk Zr02 has t h r e e kinds of phases: low temperature monoclinic (M) ., high temperature t e t r a g o n a l ( T ) and cubic (C) . Alloying c e r t a i n s t a b i l f zers, such as Y203, MgO, CaO, and CeO, t h e T o r d phase can e x i s t a t mom temperature. Recently, t h e m a r t e n s i t i c transformation (T-+M) i n t h e bulk materials had been found t o be a b l e t o improve t h e f r a c t u r e toughness and wear r e s i s t a n c e (8) . Furthermore, a strengthing overcoat of Zr02 t h i n f i l m s had been made ( 4 , s ) . However, they had not got t h e T phase i n t h e f i l m s . A Y-TZP t a r g e t had been used i n our study, and Y-Zr02 f i l m s containing T phase had been made. I n t h i s paper, t h e microstructure, phase, and mechanical properties of t h e Y-Zr02 t h i n f i l m s were investigated. The s t u d i e s show t h a t t h e t h i n f i l m s have t i n y g r a i n s about 88 i, t e t r a g o n a l phase (60-2 900 'c) , t h e higher microhardness (2100 kgf/mm ), and t h e lower 2 wear rate(473 nm /cycle).
Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jp4:1993386 2, Experiment Y-Zf12 t h i n films were deposited by t h e r e a c t i v e r.f. magnetron sputtering. The t a r g e t was a t e t r a g o n a l Zro2 polycrystal doped with 2.2 mo1% Y203 ( Y-TZP ). The spacing of t h e substrate-target was 4 cm. The base pressure was below 8 x 1 0 -~ Pa. A mixture of t h e argon-oxygen gas at t h e required p a r t i a l pressure r a t i o was introduced. The oxygen p a r t i a l pressure ( %02 ) and t h e s u b s t r a t e temperature ( Ts ) were c o n t r o l l e d during deposition. The subst r a t e s were t h e S i wafers o r t h e fused s i l i c a . The microstructure and phase of t h e f i l m s were examined by transmission e l e c t r o n microscopy.' ( TEN ) and x-ray d i f f r a c t i o n ( XRD ), A q u a n t i t a t i v e evaluation of t h e amounts of monoclinic and tetragon a l phases was made by t h e method (9) . The knoop hardness of t h e f i l m s which were deposited on t h e S i w a f r w a s measured by using a nMT-3 i n d e n t e r instrument, The wear r a t e of t h e f i l m s was t e s t e d under nonlubricated conditions, using a pin-on-disk t e s t e r which applied a I 5 g normal f o r c e against t h e r o t a t i n g d i s k through a q0.0 mm r a d i u s hemispherical pin. The l i n e a r speed of t h e t e s t e d a r e a was, 10 m/s.
3, Results and Discussion

.I Ricrostructure and phase
The study shows t h a t the f i l m s deposited a t low Ts and %02 have mainly t h e T phase (72% T) with a small amount of the M phase. AS t h e increments of t h e T s o r %02, t h e amount of M phase increases, from 28% t o 5b?6, 59%, and 63%. Fig.1 gives t h e i r XRD patterns.
Here t h e T phase i d e n t i f i e d by not only t h e XRD d a t a but a l s o a ED p a t t e r n . The (200) and (220) peaks i n t h e ED p a t t e r n were s p l i t t e d i n t o doublet. This i s t h e c h a r a c t e r of the T phase r a t h e r t h a n t h e C phase. TEM photographs show t h a t t h e f i l m s possess t i n y grains. The g r a i n s i z e of t h e films was calculated from t h e l i n e broadening of t h e XRD p a t t e r n (10) and it was found be 8 8 A .
Film p r o p e r t i e s
The hardness of t h e films decreased with increasing %02,as shows i n t h e Fig.2 . The films deposited a t 0.0 (go2) and 60C (TS) e x h i b i t 2 t h e maximum hardness of 2100 kgf/mm . Because t h e thickness of t h e f i l m s j u s t was 5000-6500A, s o t h e values of t h e hardness included t h e e f f e c t of the ~i ( 1 0 0 ) s u b s t r a t e s , but t h e e f f e c t of t h e s u b s t r a t e s was invariant. S u b s t r a t e heating leads t o t h e relaxation of t h e f i l m s t r u c t u r e and t h e reduction o f compressive s t r e s s i n t h e films and r e s u l t s i n t h e hardness drop. The wear r a t e of t h e films increased with increasing %02, Fig.3 . The films have t h e highest r e s i s t a n c e a g a i n s t wear f a i l u r e , o r t h e 2 lowest wear r a t e 473 nm /cycle when t h e hardness reaches maximum value. 
